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ABSTRACT
Modern information and communication technologies enable research collaborations that were not 
conceivable a mere decade ago. Moreover, the diffusion of extant technologies (such as broadband, and 
cellular communication devices) more fully in both developing and developed nations has afforded more 
people access to key communications technologies, creating ever increasing networks and communities 
of researchers and collaborators. The current study seeks to more fully explicate the relationship between 
technology access, diffusion and research output. The study shall consider the impact of telecommunica-
tions tele-density, Broadband penetration, Computer access and ICT investment on research output and 
patent submissions. Both static and dynamic estimations are conducted, employing the Arellano & Bover 
systems estimator method. The findings suggest that telecommunications tele-density and ICT investment 
are key determinants of academic research output. They are however not significant determinants of 
patent submissions. These findings are robust for both static and dynamic estimations.
INTRODUCTION
Economic growth research represents amongst the most parsimonious inquiries for econometrics, given 
the interest in these and proximate matters. Theorists have considered the impacts of a number of key 
macroeconomic indicators on economic growth. Studies into these relations are as old as the discipline 
of economics itself. Increasingly research has considered the impact of ICT on economic activity. It is 
widely acknowledged that technology is a key driver of economic growth. The literature is replete with 
examples evidencing this set of relations. The relationship between telecommunications infrastructure 
and economic growth has been considered quite significantly in the extant literature, first by Jipp (1964), 
who posited the so called “Jipp curve” to define the underlying relationship. Therein, Jipp posited that 
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tele-density increases the greater the level of GDP. Much of the recent research into ICT and economic 
growth contends that information and communications technologies reduce the cost of transacting and as 
such improve the output of individual firms, therein improving aggregate production (Roller & Waver-
man, 2001, Madden & Savage 1998, 2000). What of the impact of such technologies on other sources 
of growth, there is a genuine dearth of research dealing with these matters? The impact of communica-
tions technologies on the diffusion of information and pertinently ‘basic research’ is of unquestionable 
importance and let little is known about this set of relations.
It may be self evident to many that innovations, or more simply put ‘ideas’ are pertinent to economic 
growth. Ideas are said to improve the technology of production (Jones, 2002). New ideas enable the fac-
tors of production to produce increased or better quality outputs. Utility is increased as more is produced 
or what is produced is better than before. These qualities are clearly growth enabling. Romer (1990) 
posits a worthwhile analogy. He asserts that ancient man used iron oxide based pigments to paint and 
decorate the walls of the caves they inhabited. Modern man then used these same pigments to ‘paint’ 
onto magnetised tape essential for the recording of video footage. The methods associated with the 
‘massification’ of production developed by the Ford Motor Company revolutionised the manufacturing 
sector in the United States and abroad. The ideas developed by Ford were adopted by competitor firms 
improving the efficiency of automotive production across the sector.
The literature is replete with examples of innovations and technological advancements deriving from 
other disciplines and discourses. Nobel laureates Black and Scholes developed a formula for the valua-
tion of options, their ‘idea’, a contemporary explication to value the uncertainty associated with options 
contracts was so useful that it is the approach adopted and taught within most business schools around 
the world and generally accepted by Wall St. The formula itself was based on another ‘idea’; it was based 
on a heat diffusion formula developed in the engineering discourse years earlier.
The transitive quality of ideas, in particular basic research and its set or relations with economic 
growth is well espoused by Romer (1986). Romer (1986) formalised the conditions, by which ideas lead 
to growth. Romer asserts that the essence of ideas is that they are non-rivalrous, and by virtue of being 
non-rivalrous that the ‘good’ offers increasing returns to scale. Grossman and Helpman (1990) purport 
accurately that knowledge is a public good (or perhaps more accurately stated a near public good, to 
the extent that it is unrestricted) in that several parties may benefit from it simultaneously at no extra 
costs. The work of Romer (1986) is pertinent, Romer has asserted that so called ‘knowledge spillovers’ 
may cause investment in knowledge sectors to exhibit non decreasing returns to scale. This enables the 
innovation process to be sustainable in the long run (Grossman & Helpman, 1990).
Grossman and Helpman (1990) assert that when investment takes place in an economic environment 
with increasing returns to scale the marginal product of capital need not decline over time to the level 
of discount rate. Grossman and Helpman (1990) consider the role of Research and development assert-
ing that it is a process essential to the knowledge generation process and consistent with Romer (1986).
As such ideas are profoundly different to other goods and services. Indeed the use of the manufacturing 
line by Ford did not preclude the use of a similar technique by competitor entities, nor did the application 
of six sigma methodology by GE preclude the use of similar managerial logic within other enterprises. 
While certain ideas can be made excludable, via patent and copyright legislation, this paper focuses 
on basic scientific research. This category of research is readily disseminated, with access relatively 
unrestricted. Basic research proffered in academic journals and periodicals provides other scholars and 
practitioners access to new ideas.
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The extant literature evidences a recent trend whereby theoretical studies have sought to better enu-
merate the growth innovation relationship by attempting to fully endogenise innovation in the growth 
function. Broadly speaking the studies have considered four types of innovation process.
Empirical studies conducted in response to the theoretical work supports the posited relationship (see 
Coe & Helpman, 1993). There is however little national level research conducted into these matters. 
Geroski (1989) considering firm level data between 1976 and 1979 argued that innovations (employing 
the SPRU innovations database as a proxy) accounted for approximately 50% of growth for 30% of the 
entities considered. Bernstien & Mohnen (1994) investigate the impact of R&D in US and Japanese poli-
ties on TFP in the corresponding nation, the study finding that US R&D accounted for 60% of Japanese 
TFP while 20% of US TFP could be attributed to Japan.
Griliches & Lichtenberg (1984) shows evidence of spillovers between academic research and gov-
ernment research and development and the private sector. Pavitt et al (1987) assert that the relationship 
between firm size and innovation is non-linear, evidencing a strong associations between small and large 
firms and innovation and a weaker association between mid sized firms and innovation.
Academic science based research is shown to be a major contributor to productivity growth in Ad-
ams (1990) the author evidences a lag period of approximately 20 years. The work of Jaffe (1989) and 
Rosenberg (1994) is somewhat consistent with Adams (1990). Rosenberg offers a worthwhile example; 
consider the laser technologies so integral to medicine, manufacturing and technologies readily employed 
in contemporary society. The underlying scientific principles were espoused by Einstein in 1916; however 
industrial applications took some 44 years to be realized. Acs, Audretsch & Feldman (1992) observe 
that spillovers from university R&D can be quite significant with patent elastitities of approximately 
10% for the corporate sector in respect of university based R&D.
This paper focuses on the impact of technology on the prolificacy of basic research, specifically ba-
sic science and technology based research published in academic periodicals. Modern day science has 
benefited greatly from the improved dispersion of research, enabling further research and innovation. 
The ability to access a periodical, to contact the contributing authors and understand the underpinning 
methodologies is made possible via contemporary communication technologies.
As asserted, it is a priori, readily evident that research enables capital to be employed more efficiently 
and effectively. Ceteris Paribas, research may enable greater a production quantum and superior outputs 
of production. There is significant extant research formalizing the relationship between economic growth 
and research and education. The seminal account of Mill (1900) tended to emphasise the role of scien-
Table 1. Survey of the extant literature
Author(s) Construct Finding
Romer (1986) Learning Favourable
Lucas (1988) Human Capital Favourable
Romer (1990) R&D Favourable
Aghion & Howitt (1992) R&D Favourable
Barro (1990) Public infrastructure Favourable
Waverman (2001) Public infrastructure Favourable
Note: this table outlines the primary findings of the seminal studies within the extant literature relating to economic production, and 
innovation processes.
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tific research and education in driving economic activity. Ricardo (1951) claimed that machinery was a 
key driver of per capita income growth, Romer (1986) emphasised the role of research in improving the 
factors or production, and consequently economic growth. Other significant contributions to the litera-
ture include those of Harrod (1939), Domar (1946), Solow (1956) and Swan (1956). It is acknowledged 
by much of the extant literature that different factors may be pertinent to different stages of economic 
growth. The provision and dispersion of technologies may be a key driver of growth in the future. This 
study is in the spirit of Mill (1900), Ricardo (1951) and Romer (1986) and acknowledges conceptually 
the role of knowledge and knowledge infrastructure in driving economic growth. Hitherto with this set 
of relations accepted, the focus consequently is a corollary consideration, the set of relations shared be-
tween research innovations (herein basic scientific research) and communications technologies (Fixed 
line/cellular architecture and broadband).
Grossman and Helpman (1990) claim that the lesser developed nations of the world may potentially 
benefit more from international relationships since in theory these nations can draw upon the significant 
knowledge capital accumulated in the industrial world. Herein the author offers a similar postulate, it may 
be asserted a priori that less developed nations may benefit disproportionately from technology adoption 
and diffusion (in terms of national research prolificacy) because they can benefit significantly from the 
stock of ideas, research, and technology already accrued in the developed world. The paper considers the 
impact of key ICT variables and ICT investment is considered in relation to research output and patent 
submissions, considering both developing and developed nations. Essentially the study is concerned 
with how significant communications technologies and infrastructures are to basic research prolificacy.
RELEVANT LITERATURE
Delong & Summers (1991) have evidenced that investment in capital equipment is associated with 
economic growth. Aschauer (1989) in his seminal paper showed that public capital and investment have 
positive and significant effects on productivity. This view is supported by Levine & Renalt (1992) who 
show that investment is a significant explanatory variable in relation to economic growth. Education is 
also shown to be positively related to economic growth (see Uzawa 1965, Lucas 1988, Barro & Sala-
i-Martin 1995). Levine and Renelt show that secondary school enrolments are pertinent to economic 
growth. Barro and Sala-i-Martin show that human capital proxies and school access have positive ef-
fects on growth rates. Romer (1986) has focused on providing an endogenous explication for economic 
growth. Romer (1986) focuses on the role of positive externalities, specifically knowledge capital, as 
the key driver of economic growth.
The role of information and communications technologies in driving economic growth has been 
considered but what of other dynamic impacts, and second stage effects. Little has been said of the role 
of communications technologies in facilitating and nurturing innovation and research. This is clearly a 
worthwhile consideration, and is the impetus behind the current study. Given the seminal work of Mill 
(1900) and Ricardo (1951) and the contemporary accounts of Uzawa (1965), Lucas (1988), Delong and 
Summers (1991) and Romer (1986), we assume a positive association between economic growth and 
education, research and human capital. Herein, this study seeks to enumerate the relationship between 
Information and Communication Technologies and research. Specifically whether ICT drives innovation, 
and research output where research publications in science and technology proxy research, and patent 
submissions serve as a proxy for innovation.
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The study is a corollary of the accounts of Romer (1986) and Delong & Summers (1991), and seeks 
to determine the role that ICT plays in driving other posited drivers of economic growth, research and 
innovation. Much of the extant research considering proximate matters has incorporated static panel data 
approaches (see Madden & Savage 1998, Roller & Waverman 2001, Sridhar & Sridhar 2003). While 
this research has been apt, static explications have been limited to pooled OLS, Fixed effects (FE) and 
Random effects (RE) specifications. This study employs static and select dynamic estimation techniques 
to this intriguing new area of inquiry.
DATA AND BASIC CORRELATIONS
Before proceeding to the key estimations it is worthwhile to consider the basic correlations. The study 
utilizes consolidated country specific data across 166 developed and developing countries over 33 
years between 1975 and 2008. The countries are listed in Table 1. This study incorporates data for both 
developed and developing countries. While the panel constructed was strongly balanced, far more data 
was available for developing countries than developed countries. The lack of Latin American and Ca-
ribbean data made regional panels for these groupings infeasible. The data gathered was procured from 
a number of different sources, the International Telecommunications Database 2008/9 (ITU), and the 
WorldBank WDI Database.
THE MODEL AND METHODOLOGY
The model contained herein is exogenous specification of research output (herewith RO). They are 
best described as falling into two general catagorisations. Firstly, the paper considers static exogenous 
models for research output. The key innovation of these model variants relates to the structure of the 
regressors and the dearth of research dealing with research output in economics and econometrics. The 
second model category considers research output and research innovation employing dynamic panel 
estimation techniques. The Arellano & Bond technique is employed. Given the potential complications 
associated with the static panel specifications using OLS, here both static and dynamic estimations are 
presented. When OLS is employed in a FE or RE specification, where a lagged dependent variable is 
included in the specification, the lagged variable may be correlated with the error term. The general 
static specifications are detailed below.
Table 2. Variables and data sources
Variable Description Source
GDPCapita Gross Domestic Product per capita Worldbank
Tele100 Telecommunications lines per 100 ITU
SciTechCapita Science and Tech Citations per capita Worldbank
PatentCapita Granted Patents per capita ITU
Internet100 Internet access per 100 ITU
BroadSub100 Broadband Subscribers per 100 ITU
325
Technology Access and Research Prolificacy
 
Roit = Bit + PCit + TELEFit + TELEMit + GDPCapitait + ICTCapitait  (1)
Roit is the dependent research output where publications in science and technology serve as the 
principal proxy. Bit denotes broadband access. PCit denotes access to a computer per capita. TELEFit 
represents access to fixed-line telephones per 100. TELEMit represents access to mobile telephones per 
100. GDPCapitait represents per capita GDP. Finally, ICTCapitait represents per capita ICT spending, 
where i indexes country classification and t indexes time.
It is commonly held that the dynamic specification is not limited by the problems of the static form, 
and as such enables a broader and more robust understanding of the intrinsic relationship. It is held by 
the author that this study is perhaps amongst the first studies to adopt the dynamic specification in this 
area of research. While the author holds the perspective that research growth and innovation are a con-
sequence of a number of factors beyond those included in the primary iterations of the model specifica-
tion, this study is proximately concerned with the deeper drivers of research output, but pertinently the 
ambit is limited to the set of relations shared between information and communication technologies and 
research output and research innovation. The dynamic specification adopted herein employs the GMM 
estimator developed by Arellano & Bond (1991). Consider the static specification denoted by model 1, 
by first differencing the specification detailed in model 1, we model growth by;
Table 3. Bivariate correlations (Pearson’s) 
(1) (2) (3) (4) (5) (6) (7) (8)
PatentApp (1) 1
SciTech (2) 0.9566 1
Tele100 (3) 0.154 0.174 1
Broad100 (4) 0.1264 0.1219 0.622 1
Internet100 (5) 0.1679 0.1794 0.8455 0.8016 1
PCAcc100 (6) 0.2153 0.2393 0.8324 0.7307 0.9099 1
Population (7) 0.5018 0.5142 -0.2333 -0.0903 -0.1828 -0.1546 1
GDPCapita (8) 0.2429 0.2539 0.8121 0.6303 0.7998 0.8735 -0.125 1
Table 4. Summary statistics 
Variable Obs Mean Std. Dev. Min Max
patentapp 2565 20579.39 93597.55 0 822037
Scitech 2883 12640.38 61174.76 0 582300
tele100 6216 25.15853 37.2403 0.011661 214.794
broad100 1026 4.411831 7.341149 0.000048 39.6972
internetac~0 2712 11.48164 18.30284 0.000018 91.6189
pcaccess100 2472 9.985926 15.43755 0.000032 94.3367
Population 6861 49900000 1.81E+08 12116 1100000000
GDPCapita 5744 6011.264 9899.843 62.8895 103042
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D.Roit = aD.Riit + D.Bit + D.PCit + D.TELEFit + D.TELEMit + D.GDPCapitait + D.ICTCapitait  
(2)
Where D is the first differenced operator and aD.Riit is the lagged first differenced dependent vari-
able research innovation, and the remaining variables are the first differenced estimators as defined by 
model 1. In this specification levels of the dependent variable lagged one period and first differenced 
exogenous covariates are employed to estimate growth. The inclusion of this method provides a fuller 
explanation of growth, and a more robust series of findings. These model variants enable a number of 
the key challenges mounted against OLS static estimations to be accommodated. The specifications are 
strengthened as the paper proceeds from specification to specification, commencing with static OLS 
Pooled and FE estimations before considering the final specifications that employ the Arellano & Bond 
GMM estimator. Additionally the study incorporates a Worldbank dummy regressor, accounting for 
income level consistent with the Worldbank GNI classification method. Moreover, both pooled regres-
sion results and SUR estimations for each Worldbank classification are posited. This method enables 
the enumeration of income dependent effects on research output and research innovation.
One of the key challenges and limitations of the paper is the adequacy of data; the data limits the 
full replication of all static estimations employing the Arellano & Bond method (to afford a more robust 
response). Given the nature of the method requiring a lagged first differenced operator in the specifica-
tion, the somewhat limited dataset cannot fully accommodate the inclusion of all desirable variables. 
The author acknowledges this limitation, though as stated this study is concerned with the relationship 
between ICT and both research innovation and research output, rather than affording a complete explica-
tion of research innovation and output. The dynamic estimations presented do in fact achieve this end. 
While an acknowledged limitation the dynamic estimations afforded in this piece provide a strong and 
compelling explication of the set of relations. The techniques employed are far more robust and rigorous 
that those employed in the extant research.
FINDINGS
Considering first the static estimations it would appear that PC Access, and broadband subscribership 
are positively associated with the science and technology research, significant at the 0.01 level and 0.05 
levels respectively. GDP per capita is positively associated with research prolificacy across all but one 
of the specifications, though with differing levels of significance. The final iteration incorporates a 
broadband estimator (broadband tele-density per 100), broadband in positively and significantly associ-
ated with research prolificacy. The static estimations support the proposition that technology access is 
strongly associated with research prolificacy.
The dynamic estimations present far more robust findings. The incorporation of the lagged first 
differenced operator into the specification, addresses much of the frailty of the static form. However 
by virtue of the Arellano-Bond dynamic panel estimation technique, requiring the differencing of the 
country panel data, some of the data employed in the static estimation could not be incorporated into 
the dynamic form. This is not however a significant limitation.
The dynamic estimations present findings contrary to the findings of the static estimations. Tele-
density is found to be positively associated with research prolificacy, significant at the 0.05 level across all 
iterations of the dynamic specification. GDP per capita is positively associated with research prolificacy 
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Table 5. Static models of ICT tele-density and research activity
SciTech Journals Basic Telecom Broadband Internet Access PC Access
PatentApp
0.6995498 
(98.86)***
0.6659366 
(58.05)***
0.6942416 
(82.95)***
0.695378 
(85.32)***
GDPCapita
0.0261948 
(0.26)
0.3368124 
(2.24)**
0.1674232 
(1.75)*
-0.2119445 
(-1.67)*
Tele100
41.39636 
(1.53)
Broad100
-776.1298 
(-2.09)**
Internet100
-59.99618 
(-0.94)
PCAccess100
342.5459 
(3.73)***
Constant
1527.136 
(1.56)
2113.24 
(0.88)
2787.462 
(2.05)**
2250.162 
(1.78)*
Obs 1695 414 1056 1205
Adj R 86.49 89.87 87.7 86.93
The dependent variable is the number of Science and technology journal articles author at a national level. Robust standard errors. Model 
is a Simple Ordinary Least Squares model. The absolute t-statistics are in parentheses. * denotes significance at the 0.1 level, ** at the 0.05 
level and *** at the 0.01 level.
Table 6. Dynamic panel models of Science and Technology research activity
SciTechCap Broadband Internet PC Access Tele-density
L1.
0.8232164 
(17.1)***
0.8166327 
(42.3)***
0.7513831 
(45.74)***
0.6918871 
(48.7)***
patentapp
0.0787386 
(5.3)***
0.055022 
(6.68)***
0.0732711 
(8.52)***
gdppercapita
0.0473923 
(1.13)
0.0675614 
(1.82)*
0.0493852 
(1.18)
0.0968103 
(12.27)***
broad100
26.10033 
(0.62)
0.0911271 
(2.35)**
Internet100
6.476783 
(0.52)
PCAccess100
31.61813 
(1.61)
tele100
23.38779 
(3.9)***
constant
2316.117 
(1.82)*
2696.544 
(5.43)***
3730.513 
(9.36)***
2633.851 
(7.76)***
Obs. 324 934 1066 1371
The dependent variable is the number of Science and technology journal articles author at a national level. Robust standard errors. Model 
is a GMM System model based on Arellano & Blover/Blundell & Bond. The absolute t-statistics are in parentheses. * denotes significance 
at the 0.1 level, ** at the 0.05 level and *** at the 0.01 level.
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across all specifications, though again with differing levels of significance. The final iteration incorpo-
rating the broadband estimator evidences that broadband is positively but not significantly associated 
with research prolificacy. The dynamic estimations support the proposition that telecommunications 
technology access is strongly associated with research prolificacy.
CONCLUSION
while there is strong evidence to support the proposition that communications technologies are driv-
ers of economic growth, the literature replete with examples supporting this posited set of relations; it 
is conceivable that the impact of communications technologies on other growth drivers such as basic 
research may be equally significant. This paper evidences a strong and positive relationship between 
communications technologies and research prolificacy. While some may have made this determination a 
priori, this study is amongst the first to rigorously assess the set of relations employing dynamic estima-
tion techniques. The study draws to light the need for further research into this pertinent relationship.
It is evident that research into the impact of ICT on research output in the developing world in par-
ticular would be apt. Given the role of research innovation in driving growth and development such 
analyses would be helpful in determining how limited ICT resources should be deployed. However 
limitations associated with the procurement of data render such analyses insatiable at present. Future 
research should also consider the differential impacts on country and regional groupings, through the 
development of balanced country and regional panels. Again such research questions cannot be addressed 
with data presently available.
The present study does again emphasise the importance of communications technologies beyond 
their relevance in conventional accepted applications. While communications technologies are generally 
considered growth drivers through direct applications of said technologies in promoting trade, reducing 
transaction costs and attenuating information asymmetries, their impacts are likely far more profound. 
Communications technologies enable the more fluid exchange of ideas, and research innovations, po-
tentially resulting in improved productivity and quality.
Jequier (1984) claims that investment in the telecommunications sector has been seen by some in 
the development sector as not very fashionable, with development planners tending to take the posi-
tion that such investment opportunities are generally less important than rural development, education, 
public health or urban rehabilitation. Moreover, many international development banks have tended to 
view the sector as an artifact or as a minor component of the development process remaining from the 
days where public infrastructures and utilities were built up (Jequier, 1984). To take such a view is both 
unhelpful and unproductive, as is evidenced within this and other cognate studies the sector has a key 
role to play in the development process, and is an important factor affecting the diffusion of ideas and 
research prolificacy.
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APPENDIX: COUNTRIES INCLUDED IN THE STUDY
A number of developed and developing nations were considered within this study. The majority of 
country level panels employed were strongly balanced.
Table 7. 
Australia El Salvador Italy Sweden
Austria Finland Japan Syria
Canada France Kenya Tanzania
Columbia Greece Malawi Tunisia
Costa Rica India Malta Turkey
Cyprus Indonesia Netherlands United Kingdom
Denmark Ireland Norway United States
Egypt Israel South Africa Uruguay
